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ABSTRACT
Coal fly ash and Azolla biomass are potential materials to be used as raw materials for the manufacture of briquettefertilizers. In this study, the coal fly ash, azolla and urea in various compositions were mixtured to make briquettefertilizers. The study was conducted to evaluate the physical properties of briquette fertilizers, i.e bulk density,compressive strength, porosity, and water holding capacity on various compositions of fly ash-azolla and urea. Theresearch was arranged in a Completely Randomized Design with three replicates. The formulation of briquettefertilizers as treatments was made with the compossition (w/w, dry-weight basis) of (fly ash : azolla) + urea as follows:(40:60)90+10; (40:60)80+20; (40:60)70+30; (50:50)90+10; (50:50)80+20; (50:50)70+30; (60:40)90+10; (60:40)80+20 and(60:40)70+30. The results showed that the variation in composition of coal fly ash-azolla and urea significantlyaffected the compressive strength, bulk density, water holding capacity and porosity of briquette fertilizers pro-duced. The increase in the proportion of fly ash or the decrease of azolla biomass proportion tends to increasecompressive strength and bulk density, and tends to decrease the water holding capacity and porosity of briquettefertilizers produced.
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Abu terbang batubara dan biomassa Azolla merupakan bahan yang potensial untuk digunakan sebagai bahan bakupembuatan pupuk briket. Pada penelitian ini dilakukan pencampuran abu terbang batubara, azolla dan urea denganberbagai komposisi untuk membuat pupuk dalam bentuk briket. Penelitian ini dilakukan untuk mengevaluasi beberapakarakteristik fisika pupuk briket pada berbagai komposisi abu terbang batubara-azolla dan urea, yang meliputi kerapatanisi, kuat tekan, porositas, dan kapasitas menahan air. Penelitian ini dilakukan dengan menggunakan Rancangan AcakLengkap dengan tiga ulangan. Perlakuan yang diterapkan adalah formulasi pupuk briket yang dibuat dari campuran(abu terbang batubara:Azolla) + Urea dengan komposisi (b/ b, berat kering) sebagai berikut: (40:60)90+10; (40:60)80+20;(40:60)70+30; (50:50)90+10; (50:50)80+20; (50:50)70+30; (60:40)90+10; (60:40)80+20 and (60:40)70+30. Hasil penelitianmenunjukkan bahwa variasi komposisi abu terbang batubara-azolla dan urea berpengaruh nyata terhadap kuattekan, kerapatan isi, kapasitas menahan air dan porositas pupuk briket yang dihasilkan. Peningkatan proporsi abuterbang batubara atau penurunan proporsi biomassa Azolla cenderung meningkatkan kuat tekan dan kerapatan isi,dan cenderung menurunkan kapasitas menahan air dan porositas pupuk briket yang dihasilkan.
Kata kunci: Abu terbang batubara, Azolla, pupuk briket, urea
INTRODUCTION
Fertilization efficiency is known to be very low,in which around 40-70% N, 80-90% P, and 50-70%K applied in the form of fertilizers are lost to theenvironment and can not be taken up by plants
(Trenkel 2010; Lubkowski 2014). One way toimprove fertilizer use efficiency is by coatingartificial fertilizers using a material that can slowdown the release of nutrients from fertilizers, whichis called as slow release fertilizer (Trenkel 2010;Lubkowski 2014).The release of nutrients from coated fertilizersbasically occurs through a diffusion process thatpasses through permeable or semi-permeablecoatings (Shaviv 2005; Trenkel 2010). In general,
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thin and porous layers have a high release rate, whilesmooth, uniform and thicker layers indicate morecontrol over nutrient release and can substantiallywithstand nutrient release rates. Physicalcharacteristics of coating materials such as size,shape and surface also affect nutrient releasepatterns (Trenkel 2010; Ali and Danafar 2015).Therefore, the rate of release of nutrients can becontrolled through characteristic manipulation ofcoating materials, such as thickness or physical-chemical composition.A good fertilizer coating material must have atleast 4 characteristics, namely low prices,biodegradable, non-toxic, and abundant availability(Trenkel 2010; Ali and Danafar 2015). Someinorganic minerals and organic materials have beenreported to be used in the manufacture of slowrelease fertilizers, including silicate compounds,sulfur, gypsum, lime, cement, zeolite, fly ash, lignin,organic acids, chitosan and humic (Nainggolan etal. 2009; Sulakhudin et al. 2011; Qiu et al. 2011;Hou et al. 2014; Lubkowski 2014; Behin andSadeghi 2016; Teixeira et al. 2016). Nevertheless,the process of making slow release fertilizers is stillrelatively complicated and relatively more expensivethan conventional fertilizers, making it difficult to beaccepted at the farm level (Qiu et al. 2011; Dong etal. 2016).Coal fly ash and Azolla biomass are potentialmaterials to be used as raw materials for themanufacture of slow release fertilizers. Coal fly ash,a by-product of coal combustion, is an amorphousaluminosilicate material and composed of particulatematter collected from flue gas stream (Singh et al.2011). Coal fly ash is dominated by fine-sizedparticles (0.01-100 ìm) and has podzolanic properties(like cement), so it can act as an adhesive andfertilizer coating. Coal fly ash contains Ca cationsas the dominant cation followed by Mg, Na and K(Kishor et al. 2010; Singh et al. 2011; Yao et al.2015), which can play a role in cation exchange. Inaddition, this material also contains other plantnutrients, such as P, S, B, Fe, Cu, Zn, Mn and Mo,so it will enrich the nutrient content of fertilizer(Kishor et al. 2010; Singh et al. 2011; Srinavas etal. 2017).Organic materials also have characteristics thatare very potential to be used as a fertilizer coatingmaterial. Decomposition of organic matter willproduce organic acids such as humic and fulvicacids, which are dominated by negative charges(Sposito 2008). Therefore, organic acids can bindnutrients from fertilizers through chemical reactionsdirectly or indirectly through microbiological activityand decomposition of microbial biomass (Havlin et
al. 2005; Sulakhudin et al. 2011; Teixeira et al.2016). One potential source of organic material isazolla (Azolla sp.). Azolla is a water fern. Symbiosisof Azolla with cyanobacteria Anabaena azollae isable to fix nitrogen from the atmosphere around 30-60 kg N ha-1 (Kollah et al. 2015; Roy et al. 2016).The low C/N ratio of Azolla biomass (between 9-10) indicates that the biomass will rapidly decomposeand produce available nutrients and organic acidsas decomposition products (Bhuvaneshwari andKumar 2013; Roy et al. 2016). The use of coal flyash and organic matter mixtures is known to increasethe efficiency of using N, P, and K fertilizers by45.8%, 33.5% and 69.6%, respectively comparedto the use of chemical fertilizers or a combinationof chemical fertilizers and organic matter (Mitra etal. 2003; Kishor et al. 2010). Hermawan et al.(2014) also reported that the use of a mixture ofcoal fly ash and organic fertilizer in bulk form couldincrease the efficiency of fertilizer use by 42.4%.The coal fly ash that has podzolanic properties(like cement) with a high content of alkaline oxide,and azolla biomass that is rich in N and will produceorganic acids show its potential as an alternative tourea fertilizer coatings. In this study, mixing of coalfly ash, azolla biomass and urea fertilizer in variouscompositions was carried out to make briquettefertilizers which are expected to be able to releasenutrients slowly into the soil. Physical characteristicsof briquette fertilizers are known to affect the rateof release of nutrients from fertilizers into the soil(Trenkel 2010; Ali and Danafar 2015). Therefore, astudy was conducted to evaluate the physicalcharacteristics of briquettes, such as bulk density,compressive strength, porosity, and water holdingcapacity of briquettes on various compositions ofcoal fly ash, azolla and urea.
MATERIALS AND METHODS
Preparation of Briguette Fertilizer
Coal fly ash was obtained from a coal-firedthermal power station in Muara Enim District,South Sumatra. Biomass of azolla was taken fromthe azolla cultured pond at Department of SoilScience, Sriwijaya University. The coal fly ash isdominated by silt and clay-sized particles (713.20g kg-1), water content (21 g kg-1), pH (8.74),organic-C (0.11 g kg-1), total-N (0.01 g kg-1), total-P (0.6 g kg-1) and total-K (0.6 g kg-1). The chemicalcharacteristics of azolla biomass used in this studyas follow: pH (5.75), organic-C (33.80 g kg-1), total-N (18.5 g kg-1), P (1.60 g kg-1), and K (18.70 g kg-1).Coal fly ash and biomass of azolla were air dried and
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sieved with 0.05 mm and 2.0 mm diameter size,respectively.The experiment was conducted in theLaboratory of Chemistry, Biology and Soil Fertility,Department of Soil Science, Faculty of Agriculture,Sriwijaya University in September 2017 to January2018. The research was arranged in a CompletelyRandomized Design with three replicates. Theformulation of briquette fertilizers as treatments wasmade with the compossition (w/w, dry-weight basis)of (fly ash (F) : biomassa of azolla (AZ)) + urea(U) as follows: (40:60)90+10 (FAZ1-U1);(40:60)80+20 (FAZ1-U2); (40:60)70+30 (FAZ1-U3);(50:50)90+10 (FAZ2-U1); (50:50)80+20 (FAZ2-U2);(50:50)70+30 (FAZ2-U3); (60:40)90+10 (FAZ3-U1);(60:40)80+20 (FAZ3-U2) and (60:40)70+30 (FAZ3-U3). The coal fly ash-azolla mixture (FAZ) and ureaof each composition were mixed thoroughly with5% starch as a binder. Ionic free water was addedto adjust the moisture content of about 25% andthen the mixture was put into the mold andcompacted. The briquette mold was made using aPVC pipe with a diameter of 1.90 cm and cut along4 cm. The produced briquettes were dried at atemperature of ± 50oC for 24 hours.
Data Collection and Analysis
The briquette fertlizers were analysed for theirphysical properties including water retentioncapacity, porosity, bulk density, and the compressivestength. Water retention capacity of briquettefertilizer is the difference between initial weight andfinal weight of the briquette. Briquette fertilizer
samples that have been known for their watercontent were weighed as initial weight. Then it wassaturated with ion free water using a beakerglassfor 1 hour. The samples of briquette fertilizer thatwere saturated with water were then weighed, asthe final weight. Porosity was calculated by dividingthe volume of water absorbed by the volume ofbriquette fertilizer. Bulk density of briquette fertilizerwas calculated by dividing the dry weight of briquettefertilizer with the total volume of briquette fertilizer.The compressive strength test was carried out usingthe Hand Penetrometer to determine the strengthof briquettes in holding the load with a certainpressure. The sample pressure was followed by theaddition of the load until the sample had an initialcrack. The initial crack is considered a failure,because the sample is considered to be unable towithstand the heavy load more than the load thatcauses the initial crack. Statistical analysis for allobserved parameters was conducted by usingAnalysis of Variance (ANOVA) followed by LeastSignificance Difference (LSD) test at level of p <0.05.
RESULTS AND DISCUSSION
Compressive Strength
The results of analysis of variance showedthat the briquette fertilizers with the proportion ofcoal fly ash-azolla biomass and urea have asignificant effect on the compressive strength of thebriquette fertilizers produced. Table 1 shows thatthe level of compressive strength of the briquette
Table 1. The effect of coal fly ash-azolla and urea proportion on some physical properties of bri-quette fertilizers.
Note: The numbers followed by the same letters in the same column are not significantly different (p<0.05).
Treatments Code (Fly Ash:Azolla)+Urea 
Parameters 
Compressive Strength (kg m-2) Bulk Density  (g cm-3) Water Retention Capacity (%) Porosity (%) 
FAZ1-U1 (40:60)90+10 1.50 ab 0.66 a 61.12 d 37.47 ab FAZ1-U2 (40:60)80+20 1.43 a 0.83 b 53.25 bc 49.29 bcd FAZ1-U3 (40:60)70+30 1.17 a 0.84 b 63.82 d 63.39 d FAZ2-U1 (50:50)90+10 1.25 a 0.83 b 55.60 c 50.78 bcd FAZ2-U2 (50:50)80+20 1.88 bc 0.93 c 51.27 b 40.49 abc FAZ2-U3 (50:50)70+30 1.42 a 0.82 b 55.28 c 34.17 ab FAZ3-U1 (60:40)90+10 1.90 bc 0.96 c 49.32 b 55.49 cd 
FAZ3-U2 (60:40)80+20 2.08 c 1.09 d 44.25 a 32.15 a FAZ3-U3 (60:40)70+30 1.53 ab 0.95 c 51.16 b 47.36 abcd 
LSD0,05 0.40    0.08 4.29    17.06 
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fertilizers with the composition of (coal fly ash:azollabiomass) + urea (60:40)80+20 (FAZ3-U2) is notsignificantly different from FAZ3-U1 and FAZ2-U2,but significantly higher than other compositions.Table 1 also shows that the increased proportion ofcoal fly ash-azolla will increase the compressivestrength of the briquette fertilizers. Meanwhile, theincreased percentage of added urea will decreasethe level of compressive strength of the briquettefertilizers.Figure 1 shows that the composition of coal flyash and azolla tends to affect the compressivestrength of the briquette fertilizers produced. Theincreasing proportion of coal fly ash tends to causethe briquette fertilizers produced to be harder, andvice versa an increase in the proportion of azollatends to reduce the compressive strength of thebriquette fertilizers produced. Coal fly ash isgenerally podzolanic (such as cement) (Yao et al.2015; Ma et al. 2017), so the increase in proportionwill cause the compressive strength of briquettefertilizers to be increased. Meanwhile, an increasein the proportion of urea in briquette fertilizers tendsto reduce the compressive strength of briquettefertilizers produced.The compressive strength of the briquettefertilizers in the various compositions of coal fly ashand azolla biomass varies between 1.17 and 2.08kg cm-2 (Table 1). Figure 1 also showed that thehigher azolla biomass proportion (FAZ-1) tends todecrease the level of compressive strength, whilethe increased of mineral content (fly ash proportion)tends to increase the compressive strength of thebriquette fertilizers. The level of compressivestrength is influenced by water content, organic
matter content, and mineral content (Kurnia et al.2006). In this case, the composites with highercompressive strength are considered better, as theyare less easily destroyed and the easily to transportof the briquette fertilizers produced.
Bulk Density
The results of the analysis of variance showedthat the proportion of coal fly ash-azolla biomass andurea have a very significant effect on the bulk densityof the briquette fertilizers produced. Table 1 showsthat bulk density of the briquette with the compositionof (coal fly ash:azolla biomass) + urea (60:40)80+20(FAZ3U2) is significantly higher than othercompositions of the briquette fertilizers produced.Figure 2 shows that the increased proportion of coalfly ash tends to increase the bulk density of thebriquette fertilizers or the increased proportion ofazolla biomass tends to decrease the bulk density ofthe briquette fertilizers produced. Meanwhile, changesin urea percentage addition are relatively variable andthere is a tendency to increase the briquette bulkdensity by increasing the proportion of urea added.Bulk density describes as the weight of thebriquette fertilizers per total of the briquette volume,so that the high value of bulk density characterizesthe solids contained in the briquette will be higher, thelower of the pore space and the higher of thecompressive strength. The bulk density of the briquettefertilizers produced in this study varies between 0.66- 1.09 g cm-3 (Table 1). The bulk density of briquettefertilizers produced is still relatively low whencompared to the general bulk density of soil. Kurniaet al. (2006) suggest that mineral soil bulk density
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Figure 1. Compressive strength of the briquette fertilizers with various proportion of coal fly ash-azolla(FAZ) and urea (U).
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varies between 0.80 to 1.40 g cm-3, and peat soilbulk density vary between 0.60 to 0.80 g cm-3.Figure 1 and 2 showed that the compressivestrength and the bulk density level are getting higherwith the increase in the proportion of coal fly ash onthe briquette fertilizers produced. This condition alsoreflects on the porosity of briquette fertilizers, inwhich low bulk density will tend to have higherporosity than composites with higher bulk density(Table 1). Coal fly ash is dominated by silt and claysized particles and has podzolanic properties (likecement) because it is dominated by aluminosilicateand calcium compounds (Singh et al. 2011; Yao etal. 2015). Therefore, an increase in the proportion
of coal fly ash will result in more dense briquettefertilizer which is characterized by higher bulk densityand compressive strength.
Water Retention Capacity (WRC)
The results of the analysis of variance showedthat the treatment of coal fly ash-azolla biomass andurea composition significantly affected the waterretention capacity of the briquette fertilizersproduced. The results of the Least SignificanceDifference (LSD) test (Table 1) show that the WRCof the briquette fertilizers with the composition of(coal fly ash: azolla biomass) + urea (60:40)80+20(FAZ3U2) is significantly lower compared to the
Figure 2. Bulk density of the briquette fertilizers with various proportion of coal fly ash-azolla (FAZ) andurea (U).
Figure 3. Water retention capacity of the briquette fertilizers with various proportion of coal fly ash-azolla(FAZ) and urea (U).
70
60
50
40
30
20
10
0
WR
C (%
)
FAZ1 FAZ2 FAZ2 U1 U2 U3
Coal Fly Ash-Azolla (FAZ) and Urea (U) Composition (w/w)
1.2
1.0
0.8
0.6
0.4
0.2
0.0
Coal Fly Ash-Azolla (FAZ) and Urea (U) Composition (w/w)
FAZ1 FAZ2 FAZ2 U1 U2 U3
Bul
k D
ensi
ty (g
 cm
-3 )
148 A Hermawan et al.: Physical Properties of Briquette Fertilizers
other compositions of the briquette fertilizersproduced.Figure 3 also shows that the increasedproportion of azolla biomass will significantly increaseWRC or an increase in the proportion of coal flyash on briquette fertilizers will significantly lowerWRC of the briquette fertilizers. Meanwhile, theincreasing percentage of urea fertilizer added tendsto vary. Organic materials with high water holdingcapacity cause WRC of the composites to increase.Water holding capacity is related to the content oforganic materials and mineral materials in a material.Organic matter is known to have high waterretention (Havlin et al. 2005; Obour et al. 2018),and coal fly ash which is a mineral is known to havelower water retention capacity (Carlson and Adriano1993; Singh et al. 2011).Water holding capacity is related to the abilityto bind and then release water to the soil solution(Obour et al. 2018). Therefore, the greater the abilityof the briquette to retain water, the ability to releasewater along with the element of fertilizer into thesoil solution will also increase. Nevertheless, thebriquette fertilizer with high water holding capacitytends to have a lower level of the compressivestrength (Table 1), so it will be more easily destroyedand will be difficult when transporting and applyingthe fertilizer in the field.
Porosity
Porosity or total pore space is the volume of allpores in a volume of a material expressed in percent.Porosity reflects the degree of the passage of watermass flow (permeability) or the velocity of water
flow to pass through the mass of a material. Porositydetermines the value of the bulk density. The greaterthe number of pores, the lower the density of themass or the higher porosity; and the lower thenumber of pores, the higher the density of the massor the porosity is lower (Nimmo et al. 2004; Obouret al. 2018)Table 1 showed that the porosity of the briquettefertilizer with the composition of (coal fly ash : azollabiomass) + urea (60:40)70+30 (FAZ3U3) is notsignificantly different from the porosity of othercompositions. However, there is a tendency toincrease the composite porosity by increasing theproportion of azolla biomass. Higher organic content(azolla biomass) can cause the amount of pores inthe composite to increase. Soil porosity is influencedby organic matter content, soil structure, and soiltexture. Soil porosity is high when organic matter ishigh (Nimmo et al. 2004; Havlin et al. 2005).Figure 4 shows that the increase in theproportion of coal fly ash tends to cause the porosityof briquette fertilizers to decrease, or conversely anincrease in the proportion of azolla tends to causeporosity of briquette fertilizers to increase.Meanwhile, changes in the proportion of urea tendto fluctuate the porosity of briquette fertilizer. Thisis probably due to the increased proportion of coalfly ash will decrease the amount of pores in thecomposite and cause the porosity to decrease. Thesize of coal fly ash particles dominated by silt andclay particles (<50 ìm) causes the compositebecomes denser (Singh et al. 2011; Yao et al. 2015).The reduced number of pore causes the bulk densityof the composite to be higher and is associated with
Figure 4. Porosity of the briquette fertilizers with various proportion of coal fly ash-azolla (FAZ) and urea (U).
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the increased compressive strength (Table 1). Asexplained previously, the porosity of briquettefertilizer illustrates the speed of release of waterfrom fertilizer ingredients to the surrounding soil.The greater the porosity, the water will be absorbedmore quickly and released back to the soil solution.In relation to the release of nutrients from fertilizers,the lower porosity of briquette fertilizer can beexpected to release water with nutrients fromfertilizer to be slower.
CONCLUSIONS
Variation in composition of coal fly ash-azolla andurea significantly affected the compressive strength,bulk density, water holding capacity and porosity ofbriquette fertilizers produced. The increase in theproportion of fly ash or the decrease of azollabiomass proportion tends to increase compressivestrength and bulk density, and tends to decrease thewater holding capacity and porosity of the producedbriquette fertilizers.
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